I. Thymine monomer
The ground-state geometry of thymine in the singlet, triplet, cation doublet, and anion doublet was optimized with DFT (B3LYP and ωB97XD) and CC2. The ωB97XD geometries are shown in the first row of Fig. S1 .
Cartesian coordinates for all levels and states are provided later in this Supporting Information. All three methods produce similar geometries. The singlet and the cation doublet ground states are planar. The triplet and the anion doublet ground states show out-of-plane ring distortions. The singlet ground state, with a closed shell electronic configuration, is the most stable state among the four (Table S1 ). It is energetically closely followed by the anion species (singly occupied π * ), then by the triplet (ππ * ) and finally by the cation (singly occupied π).
Fig. S1 -Thymine monomer geometries. Table S1 -Characterization of the ground state of thymine monomer. M -Multiplicity; Q -total charge; Sadiabatic state label; C -diabatic-state character based on the singly-occupied orbitals in the main configuration.
E 0 -absolute energy of the state; ∆E 0 -energy relative to the singlet ground state; E ZP -zero-point energy based on un-scaled harmonic frequencies; ∆E ZP -zero-point corrected relative energy. cs -Closed shell. The lowest vertical excitation energies of thymine are given in Table S2 . In the singlet state, the lowest excited state is an excitation from the oxygen lone pairs (n O ) into the π * . The first ππ * bright state is the next state with values ranging from 5.04 eV to 5.28 depending of the method. As for comparison with experiments, the first dipole-allowed transition of thymine vapor is peaked at 4.95 eV. [1] The excited-state relaxation of thymine after excitation into this is state is discussed in Ref. [2] . Excitations with the triplet manifold start at about 2 eV above
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Monomer the T 1 triplet ground state, also with an n O π * excitation. The cation manifold is reached right above 1 eV, while the anion states are just below this level. There is a good agreement among the three computational levels provided in Table S2 . The first excited state of the singlet, cation and anion are systematically higher in energy with ωB97XD than with the other methods. For the singlet, DFT-MRCI excitations are given later in Table S3 .
The good agreement between methods can be better visualized in Fig. S2 , where energy levels for all multiplicities are given in the same scale relative to the minimum of the singlet state. Table S2 -Characterization of the excited states of thymine monomer. All single-point calculations for the anion with the aug-cc-pVTZ basis set. ∆E -excitation energy relative to the ground state of the same multiplicity and charge; f -oscillator strength for excitation from the ground state. See caption of Table S1 for abbreviations.
TD-ωB97XD TD-B3LYP CC2 Table S3 -DFT-MRCI excited states of neutral singlet states of thymine monomer, dimer and complex. Thymine complex based on ωB97XD/cc-pVTZ geometry. s -Contribution of single excitations for the state. ∆E -excitation energy relative to the ground state of the same multiplicity and charge; f -oscillator strength for excitation from the ground state. C -diabatic-state character based on the singly-occupied orbitals in the main configuration; cs -closed shell. For S 0 , the absolute energy is given in atomic units. 
II. DFT-MRCI results
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III. Energy levels
IV. Grid definition
Fig. S3 -Definition of the grid used to compute the potential energy surface. In addition to the points with fixed values of R(C5-C5') and R(C6-C6'), fully optimized geometries and transition states (still keeping the sugar restrictions) where included as well. 
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